Abstract: This study presents the use of chicken eggshells waste utilizing palm kernel shell based activated carbon (PKSAC) through the modification of their surface to enhance the adsorption capacity of H 2 S. Response surface methodology technique was used to optimize the process conditions and they were found to be: 500 mg/L for H 2 S initial concentration, 540 min for contact time and 1 g for adsorbent mass. The impacts of three arrangement factors (calcination temperature of impregnated activated carbon (IAC), the calcium solution concentration and contact time of calcination) on the H 2 S removal efficiency and impregnated AC yield were investigated. Both responses IAC yield (IACY, %) and removal efficiency (RE, %) were maximized to optimize the IAC preparation conditions. The optimum preparation conditions for IACY and RE were found as follows: calcination temperature of IAC of 880 ℃, calcium solution concentration of 49.3% and calcination contact time of 57.6 min, which resulted in 35.8% of IACY and 98.2% RE. In addition, the equilibrium and kinetics of the process were investigated. The adsorbent was characterized using TGA, XRD, FTIR, SEM/EDX, and BET. The maximum monolayer adsorption capacity was found to be 543.47 mg/g. The results recommended that the composite of PKSAC and CaO could be a useful material for H 2 S containing wastewater treatment.
Introduction
The world is currently facing the worst environmental squeeze in its whole history. Nowadays, the major concern of industrial petroleum is a wastewater treatment problem. Growing concern for environmental issues because of the effects caused by these industrial pollutants has led to the search for new methods of treatment, and development of new materials that are able to reduce these environmental problems [1] . Strict environmental regulations have motivated engineers and scientists to find out costeffective and efficient ways to remove pollutants. The pollutants generated from the petroleum wastewater plant are usually a high strength type with high concentrations of organic and inorganic contaminants which mostly consist of H 2 S. H 2 S is a malodorous gas, best observed from its terrible smell, much like the strong nauseating smell of rotten eggs. Different treatment techniques and methods have been conducted for the reduction of H 2 S. These techniques include precipitation [2] , reduction [3] , oxidation [4, 5] , and adsorption [6, 7] . Adsorption is a very effective way, especially, if adsorbent is inexpensive, readily available and provides an attractive alternative treatment technique. Adsorption of sulfur has been previously studied to evaluate the overall adsorption behavior in wastewaters [8] .
Activated carbon (AC) has been studied widely as adsorbent and it was found to be effective in the removal of both organic and inorganic pollutants from wastewater [9, 10] . AC is an effective carbonaceous sorbent for H 2 S removal because of its high porosity and high surface area [11] . It has abounded porous structure and large surface area as well as surface functional groups which are used as a catalyst support as well. The surface functional groups clamp the metal precursor during the catalyst preparation and act as active centers [12] . Newly, researches have been focused on using agricultural wastes as source of carbon such as sugar canes [13, 14] , almond shell [15] , such as nut shell [16] , fruit stones [17, 18] , coconut shell [19, 20] , macadamia nut shells [21] , fibers of oil palm empty fruit bunches [22] , oil palm leaves [23, 24] , rice straw [25] , sunflower straw [26] , cotton stalk [27, 28] , date stones [29] , sago bark [30] and palm kernel shell (PKS) [31] . PKS is available in a huge amount around the world. Especially, in Malaysia the major source is oil palm which is extracted from its fruits. Managing of the wastes produced through the processes is one of the critical problems in the palm fruit processing. Yearly, around two million tonnes of extracted oil palm waste are generated in Malaysia [32] .
The dual purpose will be served by conversion of PKS to AC. First, the use of agricultural by-products represents a potential source of adsorbents, and second, the useful product can be obtained from agricultural waste which will contribute to solving part of the wastewater treatment problem in Malaysia. However, the adsorption capacities of AC for pollutants are generally low because it regularly requires significant investment to get stable. Recently, a series of metal oxide or hydroxide composites with graphite oxide have been proposed for H 2 S removal [33] [34] [35] . Surface chemistry of the carbonaceous adsorbents can also be enhanced by adding some transition metals to remove pollutants. AC with a metal containing bentonite binders has been studied [36] . The effect of bentonite clay binders containing copper, zinc or iron in the interlayer spaces on the performance of adsorbents for H 2 S removal has been investigated. The results indicated that modification with copper-containing binder could enhance the capacity of carbon adsorbents where the surface oxygenated groups play an important role in the adsorption process. However, oxidation of H 2 S to weakly adsorbed SO 2 may occur, contributing to acid rain formation. Therefore, an additional modification of the carbon surface chemistry is required to increase the adsorbed amount of these toxic pollutants within a short time.
In this paper, a new technique using Ca ionexchanged carbon as H 2 S sorbent in the wastewater treatment was proposed. Thus, modification of PKS raw material as a source of AC and eggshells waste as a source of calcium oxide (CaO) has been conducted to check its performance for H 2 S removal from petroleum industry wastewater in batch adsorption experiments. CaO has been known as a cost-effective sorbent with high sorption capacity [37] , as well as eggshells wastes are the most common sources of CaO. There are some experimental difficulties in studying all the variables of the removal process. In addition, changing one variable and maintaining other factors of the process at a constant does not describe the combined impact of all factors included. Moreover, it also requires a substantial number of experiments and time consuming to decide optimum levels. Thus, the experimental work of this study was conducted by experiment design technique by implementing Response Surface Method (RSM). RSM is a useful statistical model tool which enables comprehension of optimum parameters to obtain the optimum conditions for the removal of H 2 S by using calcium impregnated AC (CaO-PKSAC).
The main objective of this study was to determine the optimum operating conditions needed to maximize the impregnated activated carbon yield (IACY, %) and removal efficiency (RE, %) for dissolved H 2 S removal from wastewater using CaO-PKSAC. Moreover, the mechanism of adsorption process was identified using isotherm and kinetic models, as well as thermodynamic parameters were calculated and discussed.
Experimental
2.1 Preparation of adsorbent PKS waste was provided by United Palm Oil Mill, Nibong Tebal, Malaysia and used as a source of carbon in this study. Deionized water was used to clean PKS from impurities and dirt's pollutants. Then the clean material was dried at 105 ℃. After that, it was mechanically ground and sieved to particle sizes of 0.5-1 mm. The ground sample was mixed with KOH, in a ratio char/KOH of 1:4 suggested in the literature to be the optimum [38] [39] [40] . Finally, a tubular horizontal reactor was used with 2-in. nominal diameter to conduct the carbonization process of PKS at 750 ℃ for 2 h in N 2 atmosphere (150 mL/min). Then the N 2 gas was switched to CO 2 gas for 2 h. The produced AC was cooled and washed with boiling deionized water and HCl for 1 h for residual KOH removal. The acid washed sample was further washed with distilled water several times until neutral pH. The final AC product was dried at 110 ℃ for 24 h. On the other hand, the raw materials of chicken eggshells were collected and immediately cleaned from impurities with deionized water. They were blended and sieved by a set of sieves to range 0.25-0.5 mm and finally dried at 105 ℃ in for 8 h. The stripped inner membrane of eggshells was soaked in acetic acid solution (25vol%-100vol%) for 48 h to get calcium solution with different concentrations. A temperature controlled shaker was used to shake the mixture (i e, eggshells and acetic acid) at 150 rpm for 5 h. In this stage, A ratio of 0.05 g of eggshells per mL of acetic acid (25vol%) was used. The membrane of eggshells was filtered from solution to separate, because it was insoluble in acetic acid. Finally, this calcium solution was utilized for the impregnation of the AC. A three-step procedure was performed for the chemical modification of AC: acidic pretreatment of adsorbents, calcium impregnation, and thermal treatment of calcium-impregnated carbons. A proportion of 0.2 g of carbon per mL of acetic acid solution was utilized for the acid pretreatment of the adsorbent. This pretreatment was performed under constant stirring (150 rpm) and at 30 ℃ for 2 h. The solution was evaporated at 66 ℃ and then sample was dried at 100 ℃ for 15 h. With respect to the carbon impregnation, a ratio of 0.2 g of adsorbent per mL of calcium solution was utilized. All experiments were performed at 30 ℃ using a temperature-control stirrer operated at 150 rpm and the contact time of adsorbent-impregnation solution was 4 h. Finally, the impregnated carbons were heated at desired temperature (800-1 000 ℃) for 1.5 h. The modified adsorbents were washed with deionized water at 50 ℃ until neutral pH was constant and finally dried at 100 ℃ for 24 h. The pyrolyzed CaO-PKSAC was stored in a sealed flask and kept in a desiccator until it was used for characterizations and adsorption tests.
Physical and chemical characterizations
Thermal analyses (thermogravimetric analysis, TGA and differential thermal analysis, DTA) were conducted with a TA Instruments (Q500) thermal analyzer up to 800 ℃ at a heating rate of 10 ℃/min in N 2 environment. The crystal structure of the prepared composite was investigated by X-ray diffraction (XRD) using PHILLIPS PW1700 diffractometer equipped with an automatic divergent slit. Diffraction patterns were obtained using Cu-Kα radiation (λ = 0.15418 nm) and a graphite monochromator in the 2θ range from 10° to 50°. Fourier transform infrared spectroscopy (FTIR) was mainly used as a qualitative technique for the evaluation of the chemical structure of carbon materials. FTIR spectra were recorded between 4000 and 400 cm -1 . It has been used for the examination of functional groups on the surface of modified sample (CaO-PKSAC) to determine the functional groups responsible for the adsorption of H 2 S. The morphology of the prepared sorbent was examined by scanning electron microscopy (SEM, HITACHI TM3030 PLUS, Japan. Elemental analysis of the materials was conducted using energy-dispersive X-ray spectroscopy (EDX) using an elemental analyzer (CHN-O-RAPID, Heraeus Co., Germany). Moreover, the surface area and porosity were obtained by measuring N 2 adsorptiondesorption isotherms at -196 ℃ using ASAP 2010 apparatus (Micromeritics Co., USA). BrunauerEmmett-Teller (BET) surface area (S BET , m 2 /g) and total pore volume (V t , cm 3 /g) were obtained by analysis of the N 2 adsorption data. The true density (ρ s ) of the sample was measured by a helium displacement method with an AccuPyc II 1340 pycnometer (Micromeritics Co., USA). From the data of V t and ρ s , the particle density (ρ p ) and porosity (e p ) can be thus obtained. The pH of AC solution was measured of 20 mg/mL aqueous solution stirred overnight to reach equilibrium.
Preparation of hydrogen sulfide solution
In this study, the synthetic wastewater was prepared according to the procedure reported elsewhere [41] . A known amount of Na 2 S.9H 2 O was dissolved in 500 mL of 0.01 M KCl solution purged with N 2 gas. Thereafter, the pH of the solution was adjusted to 7 using 0.1 M HCl [41] .
Optimization and modeling

Design of experiments
Response surface methodology (RSM) is a collection of mathematical and statistical techniques that are useful for modeling and analysis of issues in which a response of interest is influenced by several variables [42] . Central composite design (CCD) is a standard RSM. It was conducted to investigate the factors of extremital conditions of adsorbent to remove the dissolved H 2 S from synthetic petroleum wastewater. This method is suitable to optimize the effective parameters and analyze the interaction between parameters with a minimum number of experiments, as well as it is proper for fitting a quadratic surface [43] .
In the current work, IAC with calcium obtained from eggshells was prepared to utilize thermal impregnated method by varying the preparation parameters utilizing the CCD. The studied factors were (i) X 1 , the calcination temperature of IAC; (ii) X 2 , the calcium solution concentration and (iii) X 3 , calcination contact time. IACY and RE were the two responses and were utilized to produce an empirical model which correlated the responses to the three preparation of IAC factors utilizing a second-degree polynomial equation (1) [44] :
n j=i+1 (1) where, Y is the predicted response, b o is the coefficient, b i is the linear coefficients, b ij is the interaction coefficient, b ii is the quadratic coefficients and x i , x j are the coded values of the impregnation AC preparation factors.
Statistical and graphical analysis
The significance of the model equations and their terms were evaluated using statistical tools such as coefficient of determination ( 2 ), Fisher value (F-value), probability value (P-value), and residual [45, 46] . Graphs were employed to analyze the combined effect of factors on responses using 3D plots and also to analyze the predicted versus actual value plots of the response variables.
Optimization
Optimization technique was employed to determine the optimum operating conditions for the process variables. To achieve this, goals were set with constraints. For each of the factors, the goal was set "in range" with constraints 800-1 000 ℃, 25vol%-100vol%, and 30-90 min of lower-upper level for factors of calcination temperature of impregnation AC, the concentration of calcium solution, and calcination contact time, respectively. For the response surface, the goals for IACY and RE were set "maximize". Therefore, IACY and RE became the objectives function or performance index.
Model validation
Model validation was carried out by conducting a batch experiment under optimum operating conditions. To evaluate the validity of the model, experimental values obtained were compared with the model predicted values.
Batch equilibrium studies
Batch mode process was used to conduct the experiments of adsorption process of H 2 S. The composite of CaO-PKSAC was examined to check the ability of dissolved H 2 S adsorption from synthetic wastewater. Initially, the concentration of H 2 S was measured, then a sample of 0.1 g of CaO-PKSAC was used in each run after degassing at 105 ℃ for 24 h in the oven. The sample of 0.1 g adsorbent and 100 mL of H 2 S solutions were mixed in Erlenmeyer flask (250 mL). The effect of contact time was studied at various initial concentrations of H 2 S (100, 200, 300, 400, and 500 mg/L). Agitation was undertaken using a rotary shaker in a thermostatic orbital shaker at 150 rpm and 30 ℃ until the equilibrium was reached. The pH of the solution was adjusted to neutral value by 0.1 M NaOH or 0.1 M HCL. H 2 S concentrations in the supernatant solutions were measured by spectrophotometer HACH DR2800 using sulfide reagent 1&2 (Method: Methylene Blue). The adsorption capacity (q e , mg/ g) of the pollutants was calculated using equation (2) . Subsequently, the initial and final concentrations were measured after suspensions filtration.
where, C 0 and C B are the initial and final concentrations of the pollutants. V is the solution volume (L) and m is the adsorbent amount (g). All adsorption experiments were carried out in duplicate and the maximum deviation was found within 5%. All the measurements and experiments were done under fume hood as H 2 S is a very dangerous gas. Equation (3) was used to calculate the adsorbent sample yield:
where, W c and W 0 are the dry weight of the final sample and precursor, respectively.
Adsorption isotherm models
The adsorption process was studied using Langmuir, Freundlich, Temkin and DubininRadushkevich isotherms models. The linear form of Langmuir model is given as follows [29, 47, 48] :
where, C e is the equilibrium concentration of the adsorbate (H 2 S) (mg/L), q e is the amount of adsorbate adsorbed per unit mass of adsorbent (mg/g), Q 0 and b are Langmuir constants related to monolayer adsorption capacity and affinity of adsorbent towards adsorbate, respectively. In addition, equation (5) expresses the dimensionless equilibrium parameter (R L ):
where, C 0 is the H 2 S initial concentration (mg/L). The value of R L indicates the type and shape of the isotherm to be either unfavorable (R L > 1), linear (R L = 1), favorable (0 < R L < 1) or irreversible (R L = 0) [49] .
On the other hand, the linear form of the Freundlich model equation [48, 50] is given as:
where, K F and n are Freundlich constants. The linear form of Temkin model was utilized to depict adsorbate-adsorbent connection. The model equation (7) is represented as
where, R is the gas constant (8.314 J/mol·K) and T (K) is the absolute temperature, B T and K T are Temkin constants. Dubinin-Radushkevich model was utilized to depict adsorbate-adsorbent connection as Equation (8):
The constant k D is related to the free energy of sorption (E) per adsorbate molecule (E= (2K D ) -1/2 ), and e D could be obtained as equation (9):
Batch kinetic studies
The pseudo-first-order can be represented as follows [20, 48] :
where, q e and q t are the amounts of dissolved H 2 S adsorbed (mg/g) at equilibrium and at time t, respectively, and k 1 is the rate constant of adsorption (h -1 ). Values of k 1 were calculated from the plots of log(q e -q t ) versus t for different H 2 S concentrations. The pseudo-second-order equation based on equilibrium adsorption [51] is expressed as:
where, k 2 (g/mg·h) is the rate constant of pseudosecond-order. The Intraparticle diffusion model is given as:
where, k p (mg/g·h 1/2 ) is the intraparticle diffusion rate constant.
The sum or error squares (SSE, %) is given by:
where, N is the number of data points, q exp and q cal (mg/g) are the experimental and calculated adsorption capacities, respectively. The best fit kinetic model is characterized by the higher R 2 value and the lower SSE.
Adsorption thermodynamics
The thermodynamic parameters that must be considered to decide the procedure are: changes in enthalpy (ΔH°), entropy (ΔS°) and gibbs free energy (ΔG°). ΔH° and ΔS° are related as follows [52] :
The values of ΔH° and ΔS° were calculated from the slope and intercept of the plot of equation (15).
Results and discussion
Textural characterization
Thermal analyses (thermogravimetric analysis (TGA) and differential thermal analysis (DTA)) of the modified CaO-PKSAC are shown in Fig.1 . Three distinct mass drops can be seen on TGA curve. It shows the mass loss of 9.40% at 100 ℃ which is assigned to the removal of physically adsorbed water and other volatile matters. After the dehydroxylation process of the Ca(OH) 2 phase, the calcium carbonate (CaCO 3 ) is converted to CaO with the release of CO 2 . Interestingly, the weight loss represented by the peaks between 200 and 900 ℃ can be correlated with the amount of carbonaceous phase in each composite, at 500 ℃, it shows the other weight loss of (6.92%) to remove CO 2 . Beyond 750 ℃ and up to 900 ℃ which is the final weight loss of (4.39%) corresponding to calcination process. The major weight loss stages are accompanied by three DTA peaks as shown in DTA curve. Similar trends were observed for activated carbon from green coconut shell [53] . Fig.2(a) shows the X-ray diffraction (XRD) pattern of modified CaO-PKSAC. Low intensity peaks assigned to carbon due to reflection from planes (0 0 2) and (101) were identified in the diffraction pattern of the sample [54] . The absence of sharp peaks for AC indicates the amorphous nature [53] . The modified surface of carbon is expected to increase the adsorption properties by surface complexation reactions. Two peaks related to CaO were observed at 29.2° and 32.2° [ 55] . On the other hand, FTIR has been generally utilized for describing and characterizing the surface chemistry groups of various oxides, and in addition connected to different sorts of carbon and carbonaceous materials. Oxygen atoms are the main contributors on the surface of AC because many functional groups on AC have oxygen atoms and most precursors are naturally rich in oxygen content [56] . Moreover, the preparation processes (carbonization and activation) may increase the oxygen content depending on the path being utilized [56] . From FTIR spectra shown in [53] .
The SEM images of CaO-PKSAC are shown in Fig.3 . The fresh CaO-PKSAC adsorbent shows a highly porous carbon structure. These wide pores are highly preferred for adsorption process. Calcium was loaded from calcium solution prepared from dissolved eggshells in acetic acid, and it is possible that a part of the calcium cling on the carbon surface and the pore surface and form small white particles, as observed in SEM image (Fig.3(a) ). On the other hand, Fig.3(b) shows the SEM image of the spent adsorbent (after adsorption process), where it displayed formation of many dark aggregates from the adsorbed materials on the surface of CaO-PKSAC. These findings were confirmed by EDX measurements (Figs.3(c) and 3(d) ). is related to S BET and pore volume (P v ) as: P w = 4V p / S BET [57, 58] . The total pore volume of CaO-PKSAC was This large pore diameter is suitable for H 2 S removal with its diameter of 0.42 nm. The actual density of CaO-PKSAC was estimated as 2.177 7 g/cm 3 . Consequently, the void fraction or porosity (ε, %) was calculated for CaO-PKSAC using the following equation:
1 ρ ε=V p /(V p + ) [58, 59] and found to be 28%. The high void fraction and porous nature of CaO-PKSAC strongly support their adsorption behaviour. The large surface area and porous structure of CaO-PKSAC were attributed to chemical and physical activations using KOH and CO 2 , respectively. The reaction between KOH-carbon and CO 2 -carbon possibly created more pores in AC structure.
Responses obtained from the experiment
The design matrix of the present test is shown in Table 2 . The studied variables are: A: calcination temperature of IAC, B: concentration of calcium solution, and C: calcination contact time, while the responses are H 2 S IACY and RE. Both response results are listed in Table 2 , and the lowest values of IACY and RE were 23% and 91%, respectively. The higher values of IACY and RE were 42% and 99.5%, respectively. The H 2 S percentage removal by CaO-PKSAC was calculated through a batch adsorption test. There were a set of 250 mL Erlenmeyer flasks containing 100 mL of 500 mg/L H 2 S and 0.1 g of CaO-PKSAC. The flasks were shaked at 150 rpm until equilibrium was reached.
Moreover, Table 3 shows the results of regression statistics models for both IACY and RE. For RE at equilibrium, 2 
Development of regression model equation
Centre composite design (CCD) uses the Design Expert software to develop the correlation between the response surface and variables. Relationship coefficient and standard deviation were utilized to assess the wellness of the models developed. As indicated by a successive model aggregate of squares, the models were chosen in view of the most astounding request polynomials where the extra terms were noteworthy and the models were not associated [60, 61] . The smaller standard deviation and the closer 2 value is to unity, the better the model in predicting the response [62] . The 
ANOVA is subsequently performed and the results are listed in Table 4 for both responses (IACY and RE). The analysis of variance and lack of fit tests for a response surface quadratic model for RE showed that the quadratic model has F-value of 338.56, and P-value less than 0.05, indicating that the model is significant [63] . Therefore, the significant model terms are A, B, On the other hand, the analysis of variance and lack of fit test for a response surface quadratic model for IACY showed that the quadratic model is significant because it has the F-value of 147.91, and P-value less than 0.0001 [63] . Therefore, the significant model terms are A, B, C, A 2 , B 2 , and C 2 , while only AB, AC and BC are the insignificant terms. As expected, the experimental values are quite close to the predicted values, indicating that the model developed is successful. Fig.5(a) shows the combined effect of the calcium solution concentration and a calcination temperature on IACY at constant calcination contact time. It could be clearly seen that both the calcium solution concentration and the calcination temperature have a negative impact toward IACY at higher values of 100vol% and 1000 ℃, respectively. From the 3D graph, the IACY starts to increase when both factors decreases until reaches the optimum yield value. However, the calcination temperature has a noticeable impact toward IACY compared with calcium concentration. Moreover, Fig.5(b) displays the 3D response surfaces of the combined effect of calcination contact time range and calcination temperature on IAC at a constant concentration of calcium solutions toward IACY which shows that the calcination temperature of IAC has a vital combined effect on IACY compared with calcination contact time. From Fig.5(b) , it is observed that the effect of contact time is relatively low during the process as the contact time decreased the yield started to increase until reach the optimum contact time at around 25 min which gave the optimum IACY. On the other hand, the effect of calcination temperature of IAC has a huge impact on IACY. It could be clearly observed that the lower and higher temperatures lead to very low IACY. However, the optimum calcination temperature required for optimum yield is around 873 ℃ as shown in Fig.5(b) . Furthermore, Fig.5(c) shows 3D tion concentration and calcination temperature on RE at constant calcination contact time, demonstrating that there is a clear interaction between these two factors. The calcium solution concentration ranges from 25 to 100vol%. So, from 3D graphs, it can be clearly seen that the calcium concentration has dramatically continuous effect on increasing RE value. The low concentration of 25vol% has a very low effect and the effect starts increasing until reaching the highest RE at a concentration of 60vol%. After that, the increasing in the concentration has a negative impact toward RE. Moreover, the thermal treatment also has an important impact on RE, which could be clearly shown in Fig.5(e) . At the beginning the low temperature at around 800 ℃ has a nonobvious effect on RE. However, the positive impact is shown when the calcination temperature increased to reach the maximum temperature at around 873 ℃. Fig.5(e) shows the 3D response surfaces of the combined effect of calcination contact time ranging from 30 to 90 min and calcination temperature ranging from 800 to 1000 ℃ at constant calcium solution concentration. The contact time has a crucial combined effect on RE. At the lower contact time, the effect was relatively low then it started to increase until reached 78 min giving the maximum RE. On the other hand, the combined effect of calcination temperature with a huge impact on the response RE could be clearly observed while the lower and higher temperature has very low RE. However, the optimum calcination temperature required for optimization is around 880 ℃. Furthermore, Fig.5(f) shows the 3D response surfaces of the combined effect of calcination contact time and concentration of calcium solution at constant calcination temperature. It is demonstrated that both calcination contact time and concentration of calcium solution have an equivalent combined effect on RE. Very low RE is observed at 90 min and 100vol% and it starts increasing when the factors value decreasing until reaching 75 min and 62vol%, which are the optimum values when RE has the highest value. After that, although calcium concentration has no effect on the RE, calcination contact time still causes decreasing of RE when it decreases.
Factors combined effect on response of IACY
Optimization and model validation
With the software, the optimum conditions of factors leading to the maximized values of responses Table 5 , and these parameters were used to preparer the adsorbent for further experimental study. Therefore, the model equation suggested by RSM is valid and can be used to predict the response variable of adsorption process accurately.
Effect of adsorbent type
To study the effect of CaO on the adsorption efficiency of PKSAC, the adsorption process was carried out with different adsorbents: PKSAC, CaO-PKSAC, CaO and calcite of eggshells (ESC). Fig.6 shows the effect of adsorption type on H 2 S removal percentages at initial H 2 S concentration of 500 mg/L. It is clear that the higher H 2 S removal was achieved by CaO-PKSAC and it reached the equilibrium state after around 6 h, comparable with PKSAC which showed a lower adsorption of H 2 S. On the other hand, both ECS and CaO showed a low percentage (neglected) of H 2 S removal. As mentioned, the high H 2 S capture observed for CaO-PKSAC at all adsorption process stages can be due to the CaO particles dispersion on the surface of carbon formed active and attractive sites toward dissolved H 2 S. Evangelos and Stratis [64] showed that the CaO produced by the thermal decomposition of CaCO 3 is highly porous and gives a large surface area for the reaction. CaO-PKSAC showed a high capacity for H 2 S capture, and almost all H 2 S was removed after about 12 h. Overall, the removal efficiency of CaO-PKSAC was higher than that of PKSAC. The H 2 S removals achieved at 6 h of the experiment was 78% and 91% for PKSAC and CaO-PKSAC, respectively. The CaO produced by the pyrolysis of Ca ion-exchanged carbon was as mentioned previously, finely dispersed on the carbon surface and the carbon was a highly porous material.
The ultrafine CaO particles may considerably reduce the influence of product layer diffusion resistance and the reactant gas may easily diffuse through the pores in the carbon. These properties of CaO-PKSAC are the main reasons for the high performance of CaO-PKSAC as an adsorbent agent.
3.8 Effect of contact time and initial H 2 S concentration on adsorption equilibrium Generally, the adsorption capacity of H 2 S and adsorbent efficiency increased with prolonging contact time. Fig.7 shows the adsorption capacity versus the adsorption time at various initial H 2 S concentrations at 30 ℃. The contact time needed for H 2 S solutions with initial concentrations of 100-500 mg/L to reach equilibrium ranged between 4 and 9 h. However, the experimental data were measured at 14 h to make sure that full equilibrium was attained. The results of this study indicate that the contact time has an important role in the adsorption process. As can be seen from Fig.7 initially, the amount of H 2 S adsorbed onto the carbon surface increased speedily, and at some point of time, the process decelerated down and reached a maximum point. At this point, the amount of H 2 S desorbing from the adsorbent is in a state of equilibrium with the amount of H 2 S being adsorbed onto the adsorbent. At this point, the equilibrium has reached the 
Adsorption isotherms
Adsorption isotherm is basically important to describe how solutes interact with adsorbents. Moreover, it also demonstrates how the adsorption molecules distribute between the solid phase and the liquid phase and when it reaches an equilibrium state. The analysis of the isotherm data by fitting them to different isotherm models is an important step to find the suitable model that can be used for design purposes. The Langmuir, Freundlich, Temkin and DubininRadushkevich isotherm models have been applied in this study to describe the adsorption and determine some process parameters. The correlation coefficients (R 2 ) value was the judgement to describe the adsorption process and the model fitted the adsorption process.
As shown in Fig.8(a) , Langmuir adsorption isotherm model shows a straight line of C e /q e againstce. The Langmuir constants b and Q o were calculated from equation (5) and are shown in Table 6 . CaO-PKSAC shows a high H 2 S adsorption capacity of 543.47 mg/g, which is higher than that reported for other carbon based materials as shown in Table 7 . Another evidence to support that, the value of R L was found to be 3.68, indicating that the Langmuir isotherm was not favorable for the adsorption of H 2 S on the CaO-PKSAC under the conditions used in this study. For the Freundlich isotherm, a straight line with a slope of 1/n with a value of 1.4 was obtained by plotting log q e versus log C e , as shown in Fig.8(b) . However, the value of R 2 was 0.9926 which indicated that the adsorption data of H 2 S on the CaO-PKSAC are well fitted to the Freundlich compared with Langmuir value. Accordingly, Freundlich constants K F and n were calculated from equation (7) and are listed in Table  6 . On the other hand, Temkin model shows a linear line by plotting q e versus log C e as shown in Fig.8(c) . However, R 2 for Temkin is 0.9185 which shows that the adsorption data of H 2 S on the prepared AC was less fitted. The Dubinin-Radushkevich isotherm has the smaller value of R 2 (0.8922) compared with other models mentioned above. A straight line was obtained by plotting log q e versus ε 2 as displayed in Fig.8(d) . 
Adsorption kinetics
For the pseudo-first-order kinetic model straight lines were obtained by plotting log(q e -q t ) versus t with the slopes of the linear plots shown in Fig.9(a) . The correlation coefficient and k 1 values were obtained according to equation (10) and are listed in Table 8 . Moreover, the experimental q e values were not close to the calculated values obtained from the linear plots, as shown in Table 8 . This shows that the adsorption of H 2 S onto CaO-PKSAC is not following the pseudofirst-order equation. When the pseudo-second-order kinetic model is applicable, the plot of t/q t versus t should show a linear relationship. q e and k 2 can then be determined from the slope and the intercept of the plot. This procedure is more likely to predict the behavior over the whole range of adsorption. The linear plot of t/q t versus t is shown in Fig.9(b) . It shows a good agreement between the experimental and the calculated q e values (Table 8) . Besides, the R 2 for the secondorder kinetic model were greater than 0.96 for all H 2 S concentrations, indicating the applicability of the second-order kinetic model to describe the adsorption process of H 2 S onto the prepared CaO-PKSAC. The intraparticle diffusion model rate constant, K p is obtained from the slope of the straight line of q t versus t 1/2 ( Fig.9(c) ). The R 2 values obtained are shown in Table 8 and are lower than those obtained from pseudosecond-order. The values of SSE were used as an indicator to find which kinetic model is fitted to the adsorption process. It is found that the adsorption of H 2 S on CaO-PKSAC could be best described by the second-order kinetic model.
Adsorption thermodynamics
The thermodynamic parameters including ΔH°, ΔS° and ΔG° of the adsorption process should be considered and studied. The values of ΔH° and ΔS° were calculated from the slope and intercept of the plot in Fig.10 . The calculated values of ΔH°, ΔS° and ΔG° are listed in Table 9 . The negative value of ΔH° indicated the exothermic nature of the adsorption interaction. The positive value of ΔS° reflected the affinity of CaO-PKSAC for H 2 S and the increasing randomness at the solid-solution interface during the adsorption process. The negative value of ΔG° indicated the feasibility of the process and the spontaneous nature of the adsorption with a high preference of H 2 S onto the CaO-PKSAC.
Conclusions
CaO derived from eggshells and dispersed on the surface of palm kernel shell based activated carbon showed a highly efficient H 2 S removal. CaO-PKSAC showed some structural and morphological characteristics (BET surface area of 476.7 m 2 /g, with the pore volume of 0.176 cm 3 /g) leading to enhancement of the adsorption efficiency. The optimum preparation conditions for IACY and RE were found as follows: calcination temperature of impregnated activated carbon of 880 ℃, calcium solution concentration of 49.3vol% and calcination contact time of 57.6 min which resulted in 35.8% of impregnated activated carbon yield and 98.2% H 2 S removal efficiency. Adsorption behavior was described by a monolayer Freundlich type isotherm and the kinetic data obeyed the pseudo-second-order kinetic model. The optimum conditions have been obtained to be 500 mg/L, 540 min, and 1 g for H 2 S initial concentration, contact time and amount of adsorbent, respectively. CaO-PKSAC showed a high H 2 S adsorption capacity of 543.47 mg/g. This low-cost adsorbent is strongly effective for H 2 S removal from wastewater. 
